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BHCKEPHblH MHKP030im RJW EMKOCTHHX H3MEPEHHfi 
II CnOCOB ErO H3rOTOBJIEHHfl 

E.HSueapeu3oe u M.ESueapziaoe 

OBJIACTb TEXHHKH 

HacToamee H3o6peTeHHe othochtch k MaTepHajioBeaeHHio, b oco6chhocth 

3JICKTpOHHOMy, B HaCTHOCTH K MHKp03JieKTp0HHKe, K npeiIH3HOHHOMy HHCTpyMCHTapHK) JSJIX 
HayHHHX H npOH3BO,ZlCTBeHHO-TeXHOJIOrHHeCKHX HCCJie^OBaHHfi, K jmaTHOCTHKe 3JieKTpHHeCKHX 
MaTepHaUOB H npH6opOB, H COCTOHT B KOHCTpyHpOBaHHH H C03HaHHH OCTpHHHHX 30H£0B ajih 

o6Hapy»ceHiw h H3MepeHHH sjieicrpHHecKHX chji, B03HHKaionmx npn B3aHMo^eflcTBHH TBep^Lix 

TeJI C pa3MepaMH H Ha paCCTOHHHHX, npH6jIHHCaK)mHXCH K aTOMHBIM. 

nPEflUIECTByiOmHft yPOBEHt TEXHHKH 

H3BeCTHH CnOC06H H3MepeHHH 3JieKTpHHeCKHX CBOHCTB H CHJI nOCpeflCTBOM 30Hfl0BHX 
npH6opOB TaKHX KaK CKaHHpyiOmHH eMKOCTHOH MHKpOCKOn [1]. 

BamieHimiM KOMnoHeHTOM TaKoro npn6opa, onpeaejiHK>mHM ero pa3pemaiomyK> 

CnOC06HOCTB H HyBCTBHTejIbHOCTB, flBJIKeTCfl MHKp030H£, o6jia£aK)IimH 3JieKipHHeCK0H 

eMKOCTBK). 06bihho, MHKpo30H^ npe/jcTaBJiaeT co6oh npoBO/yimee ocTpne c noJiyc^epHHecKOH 
BepmHHOH, KOTopoe cKaHHpyeT b^ojib HccjiejjyeMofi noBepxHocra noJiynpoBOflHHKa, b 
KOHTaicre c Heio hjih b6jih3h ot HeS (o6bnmo nojiynpoBojjHHK noKpwT H3onHpyiomHM okhcjiom) 
[2]. H3MepaeTca B03HHKaiomaa npn stom ajieKipHHeacaa cmkoctb, 3aBHcamaa ot co^epacaHHH h 
pa3MemeHHH npHMecn b nojiynpOBOflHHKe. TaKHM o6pa30M noJiynaioT HH<j)opMaiuno o npo<|>HJie 
jienipoBaHHUi noJiynpOBOOTHKa. 

OneBHOTO npH 3T0M, HTO eMKOCTb 3aBHCHT TaiOKe OT 4>OpMH OCTpHH, B HaCTHOCTH, OT 

ero pamiyca 3aKpynieHHa. 3th pa^Hycu MOiyr MeHSTBca ot ocTpna k ocTpmo. KpoMe Toro, 
ohh Moryr MeHHTbca b npouecce H3MepeHHa no Mepe 3aTyiuieHHH MHKpo30H#a ot KOHTaicra c 

TBepaoii nOBepXHOCTBIO. 

ITpczuiaraeMMH b HacTonmeM H3o6peTeHHH MHKpo3oim jrameH sthx HeflocTancoB, 

CyiUHOCTb H30BPETEHK3 
npe,zuiaraeTc« MHKpo30H£ juui cmkocthbdc H3MepeHHfi, coaepacanuiH 
sjieioponpOBO^nflmee ocTpne c jmsjieiopHHecKHM noKptrnieM, KOTopoe o6pa30BaHO KpeMHHeM, 

H3r0T0BJieHHfcIM H3 HHTCBimHOrO KpHCTaJUia, BMpamCHHOrO Ha KpeMHHeBOM KaHTHJieBepe 

KpHCTajuiorpa4>HHecKOH opHeHTaimn (111). OcTpne HMeeT cryneHHaiyio 4>opMy c HHacHefi 
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nacTbio (ocHOBaHHeM) SoJibinero OTaMeTpa h BepxHeg nacrbio MeHtmero jmaMerpa, 
KoaKcnajibHOH h 3nHTaKCHa;n>HOH no OTHomeHHio k hh^chch nacxH. BepxHM nacxb octphh 
HMeeT Topen (miocKyio Bcpimmy), nepneH£HKyjrapHHfi och octpHH, npnneM Topeu noKpuT 
njieHKOH 4H3JieicrpHKa. B BepxHen Hactn ocTpiw HMeeTCH nonynpoBOOTHKOBBiS p-n nepexoa, 
napajuiejibHtiH Topuy, Ha paccTOKHHH ot Topua, He npeBtimaiomeM zmaMerpa ocrpHfl. 

^HaMerp hhhchch Hacra ocTpHH cocTaBJweT ot 5 ao 10 MHKpOMerpoB h npeBocxoOTT 
AHaMerp ero BepxHefi Hacra He MeHee neM Ha nopsmoK bcjihhhhm. BepxHaa nacrb ocrpra 
HMeer UHJiKH^pHHecKyio, npH3MaTHHecKyK>, hjth KOHHHecKyio 4>opMy OTaMeipoM Menee 100 

HaHOMeTpOB H BWCOTOH MeHee 2 MHKpOMeTpOB. 

B KanecxBe j^sjieicrpHKa Hcnojn.3yioT flByoKHCB KpeMHra Si02» iwthokhcb TaHTana 
Ta20s > AByoKHCB TirraHa Ti02, THTaHaT CTpoHima SrTiOs, hjih raraHaT 6apna BaTiC>3. 

KPATKHH IIEPEHEKL OHTVP 
Oht. L ripejiHiecTByioimig ypoBeHB tcxhhkh; (a) H3 pa6oTBi [3]: cxeMa MHKpo30Hfla h 
cxeMa H3MepeHHJi. 1 - MHKpo30Ha; 2 - H30MTop (oKHceji); 3 - npHMect; (6) H3 pa6oTBi [4]: 
cxeMa MHKpo30H^a h cxeMa H3Mepeinw. 1 - MHKpo30Htf; 2 - OKHceji. 

OhT. 2. HHTeBH^HBIH KpHCTaJIJI KpeMHRS, BBipameHHMH Ha KpeMHHeBOM KaHTHJieBepe H 

cjiy^camHH 3aTeM ochoboh juix co3^aHHH ocTpHHHoro MHKp030H^a. CrpejncoH noKa3aHa 
rao6yjia Ha BepnmHe HHTeBumioro KpHCTamia, cocToamaa H3 cmcch kphctcuijihtob KpeMHM h 

30JIOTa. 

Onr. 3. CacreMa KpeMHHeBBix ocTpnfi c iijiockhmh BepnmHaMH, npHroToaneHHHX H3 

HHTeBHOTHX KpHCTaJUIOB. 

Onr. 4. KpeMHHeBoe ocTpne, cjiyacamee ochoboh jvm eMKOCTHoro MHKpo30H^a: 
1 - HH3KHM nacTb (ocHOBafme) ocTpmi; 2 - Bepxmw Hacxb ocTpmi; 3 - p-n nepexoA b 

MHKp030H^e* 

G>hi\ 5. KpeMHHeBoe ocrpHe, noKptrroe OTSJieiopHKOM 
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jmiUIHH BAPHAHT PEAJIH3AIJHH H30EPETEHHA 

Ha OHI\ 1 H3o6pa^CeH OCTpHHHblH MHKp030HJJ H CXeMa H3MepeHHH. HyBCTBHTeJIbHOCTb 

MMepeHHH 3BBHCHT b kohchhom cHere ot 3JieKTpHHCCKofi eMKOCTH, cymecrayiomeH Me>K£y 

MHKpO3Oim0M H o6pa3UOM. 

B cymecTByiouxHx MeToaax 3oimoBwx H3MepeHHfi 3Ta eMKoerb onpeaejweTca b 
ochobhom AH3^eKTpHHecKHMH cBOHCTBaMH oKHCHoro noKpuTiM nccjiejjyeMoro o6pa3ua. 3to 
noKptrrae (o6bniHO ^ByoKHCb KpeMHusi) HMeeT 3HaneHHe £H3JieKTpHHecKOH noeroflHHOH okojio 
5. 

B HacToameM H3o6peTeHHH npejuiaraeTOJ cymecTBeHHO yBeJiHHHTt eMKOCTb nyreM 
noKpbiTH^ MHKp030ima OT3JieKTpKT4ecKHM MaTcpHajioM, o6jiaflaiomHM 3HaHHxejitHo 6oJiee 

BblCOKHM 3HaHeHHeM OTSJieKTpHHeCKOH nOCTOHHHOH. HanpHMep, nOKpHBaTb MHKp030HA 

tohkhm cJioeM imthokhch TaHTajia Ta20s (OT3JieKTpHHecKaH nocToaHHaa 3Toro MaTepnaJia 25 
e%mmn\ ^ByoKHCH THTaHa TiC>2 (100 eaHHHu), nrraHaTa cvponvm SrTiC>3 (250 e^HHu), hjih 
THTaHaTa 6apmi BaTi03 (1500 czihhku). 

KpoMe Toro, KOHCTpyKmra npejyiaraeMoro MHKpo3oima no3BOJifleT cymecTBeHHO 
yBejiHHHTt 3Ty eMKocTB h ee BOcnpoH3BOOTMOCTt ot 3oima k 30Hfly 6jiaroflaps iuiockoh 4>opMe 
ero Topua (cm. Oar. 2). Taicafl KOHCTpyiojHJi MHKpo30H#a o6ecneHHBaeTca cnoco6oM ero 
H3roTOBjieHHK. B ocHOBy cnoco6a H3roTOBjieHH# noji03KeHO BBipamnBaHHe H3 ra30Bofi <})a3bi no 
MCxaHH3My nap-acHAKOCTb-KpHCTaJui 

IIpuMep i. 

Ha KpCMHHCBblH KaHTHJICBCp OpHeHT3HHH (111) HaHOCJTT HaCTHIjy 30JIOTa OTaMCTpOM 5 

mkm, TOJimHHOH 0,3mkm 5 h noMemaioT ero b KBapueBbiH peaicrop, nepe3 KOTopMfi nponycicaiOT 
noTOK oHHmeHHoro Boaopoaa. KaHTHJieBep HarpeBaiOT jxo TeMnepaTypti 900-950°C, nocne nero 
k Boaopo^iy ^o6aBJMK>T napbi HexbipexxnopHCToro KpeMHHA no KOHueircpaimH 2-3 aT %. B 
pe3yjibTaxe npouecca BwpamHBaHHH 3a 5-10 mhh Ha ynacnce KaHraneBepa, noKptrroro 
Hacrauefi 30JiOTa, o6pa3yeTca HHTeBHXjHbift KpHCTaiui KpcMHHH (KpHCTajuiHHecKHH ctoji6hk). 
Ha ero BepmHHe ocTaeTCH 3aKpHCTaJuiH30BaBmascH «rJio6yjia» (nojiyc^epa), o6pa30saHHaa 

CMeCblO KpHCTaJIJIHTOB KpeMHHJI H 30Jioxa (OHr. 2). 

C noMombio »ch^khx pacTBopHTeJiefi yKa3aHHbix aneMeirroB «rjio6yjia» MoaceT 6brn> 
yaaueHa, b pe3yjn>Tare nero o6pa3yercfl KpeMHHesoe ocxpne c iuiocKofi BepnmHoii. Ha OHr. 3 



noKa3aHa chctcms. kpcmhhcbhx octphh c iuiockhmh BepnmHaMH, nojiyqeHHbix H3 chctcmw 
BtipameHHHx hhtcbh.zxhmx KpHcrajuiOB. 

Ecjih b npouecce BHpamHBamw hhtcbhothx KpHCTajuioB uejieHanpaBMHHO h3mchhtb 
ycjiOBHS KpHCTajuiH3ai|HH, HanpHMep TeMnepaTypy npouecca, KOHijeHTpamno 
MeTbipexxjiopHCToro KpeMHua b napo-ra30Bofi cMecn, to B03M03KHO npHflaBan> ocTpmo 
cneuHajiBHyio 4>opMy, HanpHMep, co3flaBan> ocTpne CTyneHHaxofi <j>opMH c hh^chch nacTbio 
(ocHosaHHeM) 6ojn>mero jmaMerpa, o6ecneHHBajomefi MHKpo30H^y MexaHHHecicyio 
cTa6HJibHocn> (Bn6poycTOHHHBOCTi>), h BepxHeS Hacrwo MeHBmero OTaMeTpa, 
o6ecneHHBaiomefi BBicoieyio pa3pemaK>myio cnoco6HOCTb. 

Jlpimep 2. 

Ha nepBOH CTa£HH BbipamHBaHna HHTCBimHoro KpHcrajuia KpeMHHH npoijecc npoBOfljrr 
npH TCMnepaType 1000°C h KOHiieHTpamiH HeiHpexxjiopHCToro KpeMHUH b Boaopoae 2 
MOJWpHux %. ^JiHxeJiBHOCTB nepBofi CTaaHH 10 MHHyT. 3aTeM cHH^caioT TeMnepaTypy 

KpHCTaJIJIH3aUHH Ha 100°C H yBeJIHHHBaiOT KOHIXeHTpai^HK) HeTbipeXXJIOpHCTOrO KpeMHHJJ no 4 

MOjwpHBix %. 3Ty CTajmio npoBow b TeneHHe 1 MHHyrbi. 

B BtipameHHOM ocipHe MO»ceT 6bm> co3#aH nojiynpoBOOTHKOBHfl p-n nepexoa. JiflR 
axoro npoBoaaT JierapoBaHHe pacTymero KpHCTaiuia jxo6aBJieHHCM napoo6pa3Hofi npHMecH b 
ra30ByK) $a3y. 

IJpimep 3. 

IlpoBOjw BtrpamHBaHHe HirreBHOToro KpHcrajuia Ha KaHxaneBepe c p-ranoM 
nojiynpoBo,2[HHKOBOfi npoBCXOHMocTH, npH^eM o6ecneHHBaiOT pocr HirreBH^Horo KpncTajina 
p-rana npoBOOTMOcra. Ha BTopofi CTajjHH BHpamHBaHHa, Koraa C03flaK>T BepxHioio 
(cy^ceHHyio) nacTb ocTpiui, xo 3aBepmeHra crajmn b ra30ByK> CMect HaHHHaioT flo6aBjran> 
napu TpexxjiopHCToro 4>oc(j)opa B KOHueinpaixHH 0,01 othochtcjibho KomjeHTpamiH 
HeTwpexxjiopHCToro KpeMHHH h nepe3 30 ceicyHfl npeicpamaiOT npouecc BwpamHBaHHa 

HHTeBHJIHOrO KpHCTaJUia. 

flefiCTBHHMH XHMHHeCKHX paCTBOpHTenefi yflajUDOT rJIo6yjiy C BepIUHHH HHTeBH£HOrO 

Kpncxajuia. 

CxeMa oj^HHOHHoro ocrpHa c p-n nepexoaoM, npHTOTOBJieHHoro no onncaHHofi 
npoae^ype, noKa3aHo Ha <£ht. 4. 
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Ha Topeu npHroTOBJieHHoro tskhm o6pa30M ocipHH HaHoorr jacHMeicipHK. 
IIpuMep 4. 

Ha Topeu HanwjunoT b BaicyyMe njieHKy THTaHa TOJimraoH 100 HaHOMCTpoB. IlneHKy 
HaHoorr oTBecHO, b^ojib och ocTpHH TaK, hto 0Ha ocaamaeroi TOJibKo hjih npeHMymecTBeHHO 
Ha Topije. 3aTeM o6pa6oTKOH npn iiobi>iiiichhoh reMnepaiype b OKHorarejibHOH cpeae 3Ty 
njieHKy npeBpamaiOT b ( nH3JieicipHHecKHfi MaxepnaJi (otyokhcb mraHa), Our. 5. 
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OOPMYJIA H30EPETEHHH 



1. MHKpo30im j\Jix eMKOCTHux H3MepeHHft, coflep)KamHH 3JieioponpoBOOTmee oerpne c 

AH3JieKTpHHeCKHM nOKpfclTHCM, OTJIffHaiOIKHHCfl TeM, HTO OCTpHe o6pa30BaHO KpeMHHCM, 

H3roTOBJieHO H3 HHTeBH^Horo KpHCTajuia, BwpameHHoro na KpeMHHeBOM KaHTHJieBepe 
KpHCTajuiorpa^HHecKoii opneHTaitHH (111), HMeeT cTyneHHaiyio <j>opMy c hhhchch Haerbio 
(ocHOBaHHeM) 6onbinero #HaMeTpa h BepxHeM nacTbio Mem»mero jmaMerpa, KoaKcuajiBHOH h 
anHTaKCHajibHOH no oraoineHHio k hh^chch Hac*ra, BepxHJM nacrb ocrpHa HMeeT Topeu 
(ruiocKyio BepmHHy), nepneH^HKyjiflpHLm och oerpHfl, Topeu noKpur njiemcofi OTSjieicrpHica, 
npnneM b BepxHefi nacra ocTpns HMeexcn noJiynpoBojcHHKOBHH p-n nepexoa, napajuiejiBHHfi 
Topuy, Ha paccTOHHHH or Topua, He npeBHnnaiomeM OTaMeipa oerpHH. 

2. MHKpo30Hfl no n. 1, oTJinnaiomHucfl TeM, hto waMeip hh>khch Hacra ocTpaa 
npeBocxo^HT anaMeTp ero BepxHefl Hacra He MeHee neM Ha nopsaoK bcjikhkhh. 

3. MHKpo30Hfl no n. 1, OTJinnaioinHHCH tcm, hto jmaMerp hhhchch Hacra octphh 

COCTaBJiaeT OT 5 £0 10 MHKpOMeTpOB. 

4. MHKpo30Hfl no n. 1, oTJinnaiomHHCH TeM, hto BepXHaa nacrb octph* HMeeT 
UHiiHHj^HHecKyio, npH3MaTHHecKyK>, hjih KOHHHecKyio <|>opMy ixnaMerpoM MeHee 100 

HaHOMeipOB H BMCOTOfi MeHee 2 MHKpOMeTpOB . 

5. Mhkpo30ha no n. 1, OTJiHHaionuificfl TeM, hto b icanecTBe £H3JieicipHKa HcnojiKjyioT 

OTyOKHCb KpeMHHS Si02, nOTHOKHCB TaHTaJia Ta20s, AByOKHCb THTaHa Ti02, THTaHaT CTpOHUHH 

SrTi03, HJm THTaHaT 6apHflBaTiC>3. 

6. Cnoco6 H3roTOBJieHHa MHicpo30ima msi eMKOcrawx H3MepeHHfi, BicnonaionmH 
co3aaHHe sjieKTponpoBOflanjero ocipHa, OTJiHHaiomHHCH TeM, hto ocTpne co3flaK>T H3 
HHTeBHOToro KpHCTajuia KpeMHHH nyreM B&tpamHBaHHfl no MexaHH3My nap-HoazacocTb- 
KpHCTanu, npnneM cHanana BtipamHBaioT ocHOBanne ocipHH, 3aTeM KoaxcHajibHo h 
3nHTaKCHajibH0 k HeMy BepXHioio nacrb ocipHH c rao6yjiofi Ha BepmuHe, cocToameS H3 
KpeMHHK h MeTaJuia-pacTBopHTejiH, o6ecneHHBaiomero pocT HHreBHAHoro KpHCTajuia no 
yKa3aHHOMy MexaHH3My, b BepxHeii Hacra ocTpaa C03flaK>T nojiynpoBO^HHKOBMH p-n nepexoa 
nyreM jierapoBaHHH H3 nuoBofi 4>a3ti, yflajraiOT xhmhhcckhm nyreM rjio6yjiy, h Ha 
o6pa30BaBmHHCH TOpeu HaHOCHT AH3JieKTpHHecKyio nJieHKy. 





$nr. I. 




$nr. 3. 
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PE<DEPAT 

npejmaraeTCfl MHKp030M w cmkocthhx H3MepeHHH, npeflCTaBJimonmft co6ofi 
KpeMHHCBoe ocTpHe ciyneHHaTofi 4 ,0 P MtI 9 npaneM BepmHHa ocTpra HMeeT Topeix, 
nepneHOTKyrapHbiH och ocxpHK. Topea noKpwT flH3JieicrpHKOM c bmcokhm 3HaneHHeM 
OT3JieKTpHHecK0fi nocToaHHoft. B BepxHefi nacra oeipHJi HMeeTca nojiynpOBOflHHKOBBift p-n 
nepexoa, napajuiejiBHHfi Topuy ocrpHui, Ha paccToaHHH ot Hero, He npeBtnnaiomeM jmaMexpa 
ocTpHH. npeanaraeTCH h cnoco6 H3roTOBJieHHJi Taxoro MHKpo30Hfla, KOTopwS coctoht b 
BbipamHBaHHH HirreBH£Horo KpncTajuia no MexaHH3My nap-KHjococxb-KpHCTajui, C03^aHHH 

TOpua H nOKpHTHH 3T0r0 TOpija ,HH3JieKTpH 1 ieCKOfi nJieHKOfi. 



